In the presented work, we investigated the superconducting boron doped diamond polycrystalline film prepared by chemical vapor deposition by means of scanning tunneling microscopy/spectroscopy. Differential conductance spectra measured at various temperatures were used to obtain the values of superconducting critical temperature and energy gap. Comparing various theoretical models fitted to the differential conductance spectra measured at 0.5 K suggests weak pair breaking. However, this cannot account for the high 2∆ k B T C ratio, which therefore indicates strong coupling.
Introduction
Diamond is well-known as a perfect insulator. When doped with boron, however, it becomes a semiconductor [1] . What is more, in the beginning of the 21st century, the existence of superconductivity in boron doped diamond was discovered in samples grown by either high temperature high pressure method (HTHP) [2] or in thin films prepared by chemical vapor deposition (CVD) [3] . The transition temperature to the superconducting state was several times higher as in other boron-doped semiconductors, for example silicon [4] , silicon carbide [5] and germanium [6] . The origin of the superconductivity in boron doped diamond remains unexplained, thus far, while it is clear that disorder plays a major role [7] . These discoveries boosted the study of boron-doped diamonds by scientists around the world significantly.
Experiment
The sample we studied was prepared by hot filament CVD method. The substrate, SiO 2 /Si seeded with diamond particles (15-25 nm diameter size) held at 800
• C, was located in a CVD reactor with 0.6% CH 4 in H 2 gas mixture, thermally dissociated at 2200
• C. Boron doping was obtained by adding diborane (B 2 H 6 ) to the gas mixture with a B 2 H 6 /CH 4 ratio of 2%. The final product of boron-doped microcrystalline diamond (MCD) film had a thickness of ≈ 900 nm, a mean grain size of ≈ 800 nm and the boron concentration of ≈ 1.5 × 10 21 cm −3 [8] . * corresponding author; e-mail: oleksandr.onufriienko@student.upjs.sk Our scanning tunneling microscopy and spectroscopy (STM/S) measurements were performed by means of a homemade low temperature STM head in Košice developed in collaboration with UAM Madrid [9] , inserted in a commercial Janis SSV cryomagnetic system with 3 He refrigerator and controlled by Nanotec's Dulcinea SPM electronics. The tip was made of Au wire (99.99% purity) and treated in situ by controlled collision with a clean Au surface [10] . A bias voltage of 5 mV was applied to the tip. During STM, the tunneling current was kept constant at 1 nA using a feedback loop.
In Fig. 1 we present the topography of the sample. The maximal surface corrugation was in the range 15-20 nm, which is a considerably low value for a polycrystalline sample. 
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Observation of superconductivity was performed by measuring the tunneling I−V characteristics at temperature range 0.5-8 K. Subsequently, by numerical differentiation, the differential conductance vs. voltage spectra were obtained (Fig. 2) . Because our metal tip has a flat density of states near the Fermi energy, the obtained spectra correspond to the thermally smeared local superconducting density of states (SDOS) of the sample. As can be seen in Fig. 2 , the superconducting gap in the density of states is gradually suppressed with increase of temperature and the estimated superconducting critical temperature T c = 7 ± 0.5 K. Such measurements were performed at numerous locations across the sample surface, yielding identical results within experimental error. We did not observe any spatial variation of SDOS as reported in previous studies of polycrystalline boron doped diamond [11] [12] [13] [14] . Notably, the value of the differential conductance inside the superconducting gap is equal to zero (see Fig. 3 ). This is in steep contrast with previous studies on polycrystalline samples [11] [12] [13] [14] . To our knowledge, such homogeneous hard gap was observed only in the case of a single crystal [15] .
Theoretical models
For precise determination of the energy gap size we used various theoretical models. The first was the general theory that describes the SDOS, the BCS theory [16] for weakly coupled s-wave superconductors.
The tunneling spectra have been described by a theoretical expression for tunneling conductance
where G ns is the superconducting conductance, ρ s is the SDOS that is defined as:
where ρ 0 is density of normal states, ∆ is the superconducting energy gap. In order to account for arbitrary smearing of the SDOS, Dynes modified the BCS SDOS by introducing an empirical complex parameter Γ [17] :
Another model that we employed, results from the Abrikosov-Gor'kov theory and accounts for magnetic impurities [18, 19] .
The so called Maki model employs the pair braking parameter α. The density of states is given by
The variable u is defined by the nonlinear equation:
To fit the model to our experimental data, we used the analytical solution of Eq. (5) given in the Appendix of [20] . 
Discussion
All three above mentioned models were fitted to the experimental data, as depicted in Fig. 3 . All three models used T = 0.5 K and yielded ∆ = 1.44 meV in the fitting process. In the case of a simple BCS model (Fig. 3a) , the coherence peak (indicated by the black arrow) clearly overshoots the experimental data. The suppressed coherence peak can be modeled using the Dynes modification of the spectrum, plotted in Fig. 3b . By fitting, the value of Γ = 0.02 meV was obtained. In this case, however, the differential conductance values inside the superconducting gap deviate from the experimental ones, which are equal to zero, as indicated by the grey arrow. Finally, we fitted the third model (Fig. 3c) . With the pair breaking parameter α = 0.01, we achieved both, the suppression of the coherence peaks and differential conductance values inside the superconducting gap equal to zero.
Conclusions
Using the low temperature scanning tunneling spectroscopy we determined the critical temperature T c = 7 ± 0.5 K of the superconducting boron doped diamond polycrystalline film prepared by chemical vapor deposition. Also, by fitting the spectra, we obtained the value of the superconducting gap ∆ = 1.44 meV. Hence, we obtained the ratio 2∆ kBTC ≈ 4.8, which is higher than the standard BCS value of 3.52. Moreover, by fitting different theoretical models to the spectrum acquired at the lowest temperature, we established that the experimental data is best interpreted by using a theoretical model that involves pair breaking. Nevertheless, the parameter value α = 0.01 indicates weak pair breaking. Therefore, the large gap to T c ratio cannot be explained by pair breaking and probably stems from strong coupling. The origin of the strong coupling, as well as the pair breaking, remains for further investigations.
